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1
HYDRAULIC ELEVATOR .

This aphcatlon 1S a contmuatlon of appllcatlon Ser.

~ No. 315,235 filed Oct. 26, 1981, now abandoned which
~ “ in turn is a continuation of Ser No 149 507 ﬁled May

13, 1980 now abandoned

DESCRIPT ION OF THE PRIOR ART

“In a ram type hydraullc elevator wherein a ram i

raised or lowered by driving a Jack for the ram by

- means of an electric motor through a variable capacity
~ type hydraulic pump, the inventor of this invention has
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~ motor is employed as the aforecrted electric motor, the"' o
o mductlon motor being operated as an induction genera- -
- _tor during the descent of the elevator so as to feed its

>

- hydraulrc circuit of a hydraulic elevator is provided

~ with electromcally-controlled variable flow solenoid
- valves which set flow rates of working oil in accor- =~

dance with a program for electronic control in corre- =
- spondence with respective stages of stop, slow speed -
- ascent, full speed ascent, slow speed descent and full

speed descent of the elevator, and that when the flow

previously prowded a system wherein a cage type in-

" duction motor is employed as the aforecited electric

motor and wherein at the rise of the ram, the vanable_

. capacity type hydraulic pump which has its capacity
adjusted in the direction of feedlng workmg oil to the
- jack as a motor is driven thereby to transfer the working -
~oil to the jack, while at the fall of the ram, the variable:

- capacrty type hydraulic pump whose capacity is ad-
- justed in the direction of pulling the working oil out of -
“the jack is driven with the energy of fall of the elevator,
~-this pump drive- bemg used for forcibly driving the

~ induction motor so as to operate lt as an mductton gen-

“erator.
~ According to thrs system, the great portron of the

- :fallmg energy of the elevator durmg the descent thereof

- can be recovered as generative power in the induction
30 L
~correspondence with the respective elevator stages of -
“the program for electronic control, thereby permitting a

motor operated as the induction generator and then be

fed back to a power supply Therefore, the system has

15
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generative electric power back to a power suppl Y.

whereby the expected result is achieved.

In addition, this invention is so constructed that a -'

rate of the working oil has deviated from a set value, a

flowmeter disposed in the hydraulic circuit detects the o
deviation of the flow rate of the working oil from the set .

.' value as a feedback signal, the opening and closure of

20

- the electronically-controlled variable flow solenoid =~
valves being automatically adjusted with the feedback
srgnal in order to regulate the flow rate of the working
oil to the set value. Herein, a cage type induction motor = -~
is employed as an electric motor for driving a hydraulic =~

- pump and is operated as an induction generator during

~the descent of the elevator so as to feed its generative )
electric power back to a power supply, whereby elec-' B
tric power energy can be sharply saved. | -
- Further, in the hydraulic ‘elevator of the system,
whereln the flow rates of the working oil are set in =~
~ accordance with the program for electronic control,

25

~ the feature that a sharp savmg in electnc power energy .

- becomes possible.

The system, however, requrres the varrable oapaczty-

type hydraullc pump and a capacity varyrng devlce for

- varying the capacity thereof, resultmg in the disadvan-
- tage that these devices are very expensive as compared -
- with a constant capacity type hydraulic pump adopted

cannot be fabrlcated | o
BRIEF DESCRIPTION OF THE DRAWINGS

' FIG. 1 1llustrates a hydrauhc circuit dragram show- 7
N _mg Embodiment (1) according to the hydraulic elevator

- of this invention, FIG. 2 illustrates a chart showmg a
. program for electronic control employed in the hydrau- -
~lic elevator of this invention, and FIG. 3 illustrates a
50

- hydraulic circuit diagram showing. Embodiment (2)

- acoordmg to the hydraulic elevator of this invention.

~in this invention and the disadvantage that the capacity
~ of the variable capacity type hydraulic pump is difficult
- to. be made large, so a 1arge-srzed hydrauhc elevator

'45_5

FIG. 4 illustrates a hydraultc circuit dlagram show-

~hydraulic circuit diagram showing Embodiment (4)
- _-accordmg to the hydraultc elevator of thts tnventton

SUMMARY OF THE INVENTION -

L Thts mventlon mtends to ehmrnate the drsadvantages :
~ as described before, and consists in a hydraulic elevator .
-~ wherein working oil is transferred from a tank to a jack
. ._or vice versa by means of a hydraulrc pump which is
- driven by an electric motor, so as to cause the elevator
" to ascend or descend, charactertzed in that a constant
_ capacity type hydraulic pump is employed as the afore-
- c1ted hydraulrc pump and that a. eage type mductton

995

- - ing Embodiment (3) accordmg to the hydraulic elevator
- of this invention, FIG. § illustrates a chart showing a
- program for electronic control employed in the hydrau-
~ lic elevator of this invention, and FIG. 6 illustrates a.

65

this invention appropriately disposes limit switches in

- more smooth and efficient operation of the hydrauhc- B
~elevator. . _ o |

EMBODIMENTS

- Hereunder, embodiments illustrated in the aceompa--' PRt
‘nying drawings will be particularly described in order .~
to explain the hydraulle elevator of this mventron more -

in detatl
EMBODIMENT 1

| FIG 1 shows Embodiment 1 accordmg to the hy- -
- draulic elevator of this invention. It is a ram type hy- -
draulic elevator wherein workmg oil is transferred from = .
‘atank 3 to a jack 4 or vice versa by means of a constant - .
- capacity type hydraulic pump 2 driven by a cage type o
- induction motor 1, to move a ram § for the jack 4upor |
~down, thereby causmg the elevator to ascend or de-
scend. SR
- The hydrauhc elevator of this mventron has 1ts hy- B
~draulic circuit equipped with electronically-controlled: =~
~variable flow solenoid valves 6 and 7 which set theflow
‘rates of the working oil in correspondence with the -
respective stages of stop, slow speed ascent, full speed =~
- ascent, slow speed descent and full speed descent of the' SO
- elevator. R

When the flow rate of the worklng orl has devrated-

from a set value, a ﬂowmeter 8 disposed in the hydrau- - |

lic circuit detects the deviation of the working oil flow

- rate from the set value as a feedback signal, and this =~
-feedback signal is used for automatically adjustmg the_.-{_' R
opening and closure of the electronically-controlled =~
- variable flow solenoid valves 6 and 7-in order to regu--
late the working oil flow rate to the set value. =~ =
- Now, the operating functions of this hydraulic eleva-_ e L
tor will be successively explained of the respective
stages of the. StOp, the slow speed ascent, the full speed . oo
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ascent, the slow speed descent and the full speed de-
scent of the elevator.

| (A) Stage of Stop of Elevator

A power supply to the cage type induction motor 1
shown in FIG. 1 is open. The electronically-controlled
variable flow solenoid valve for ascent 6 and the elec-
tronically-controlled variable flow solenoid valve for
descent 7 have a control voltage V which is now zero,
and the former is fully open, while the latter is fully
closed.

Accordingly, the working oil is not transferred from
the tank 3 to the jack 4. In addition, that movement of
the working oil from the jack 4 to the tank 3 which is
attendant upon the natural fall of the elevator is
checked by a non-return valve 9. Therefore, the eleva-
tor is in the perfectly stopped state.

(B) Stage of Slow Speed Ascent (Accelerating Ascent)
of Elevator

The cage type induction motor 1 shown in FIG. 1 is
started. The constant capacity type hydraulic pump 2 is
driven by the forward rotation of the motor 1 so as to
transfer the working oil from the tank 3 to the hydraulic
circuit 11 through a filter for suction 10.

At the starting of the electric motor 1, the electroni-

cally-controlled variable flow solenoid valve for ascent
6 is fully open. Accordingly, the working oil is returned
to the tank 3 through the variable flow solenoid valve 6,
so that an oil pressure for raising the ram § is not gener-
ated in the jack 4.
- The variable flow solenoid valve 6 is operated in
accordance with a program for electronic control
shown in FIG. 2. The axis of ordinates represents the
control voltage V or current I for electronically con-
trolling the variable flow solenoid valve 6, while the
axis of abscissas represents the movement distance x or
time t of the elevator.

As 1llustrated in FIG. 2, at the starting of the electric
motor 1 (a position of x=0 or t=0), the voltage V is
zero, and the vanable flow solenoid valve 6 is fully
open. As the voltage V increases in the positive direc-
tion, the variable flow solenoid valve 6 is gradually
closed.

Accordingly, when the variable flow solenoid valve
6 is operated by a program section B corresponding to
the slow speed ascent stage in FIG. 2, the oil pressure
for raising the ram 5 does not appear in the jack 4 at the
starting of the electric motor 1 because the variable
flow solenoid valve 6 is fully open and all the working
oil transferred by the constant capacity type hydraulic
pump 2 is returned to the tank 3. With the increase of
the control voltage V of the variable flow solenoid
valve 6, however, this valve 6 is gradually closed, and
the flow rate of the working oil which is transferred to
the jack 4 through the non-return valve 9 increases, to
generate the oil pressure for raising the ram 5.

With the increase of the voltage V, the ram 5 has its
rising speed enhanced and brings the elevator into the
accelerating slow speed ascent.

(C) Stage of Full Speed Ascent of Elevator

In case where the variable flow solenoid valve 6 is
operated by a program section C corresponding to the
full speed ascent stage in FIG. 2, the voltage V is held
constant at its maximum voltage V., and hence, the
variable flow solenoid valve 6 is held in the fully closed
state or a slightly open state. In consequence, the eleva-
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tor having been accelerated in the slow speed ascent
stage comes to ascend at the full speed of a fixed speed.

The speed of the elevator during the full speed ascent
can be adjusted to an appropriate value by properly
setting the maximum voltage V. corresponding to the
speed.

(B’) Stage of Slow Speed Ascent (Decelerating Ascent)
* of Elevator

When the elevator has performed the full speed as-
cent to a position X immediately below a floor intended
to stop, the variable flow solenoid valve 6 receives a
deceleration signal. That is, the valve 6 is operated in
accordance with a program section B’ in FIG. 2.

The voltage V decreases from the maximum voltage
V. and the variable flow solenoid valve 6 is conse-
quently opened. Thus, the flow rate of the working oil
to be transferred to the jack 4 decreases, and the ascend-
ing speed of the elevator lowers.

The elevator ascends up to a stop position x3 of the
floor intended-to-stop while decelerating and then stops
thereat.

At this time, the electric motor 1 rotates for several
seconds even after the elevator has reached the stop
position X2, whereupon it stops.

As described above, the elevator of this invention is
operated very smoothly in accordance with the pro-
gram of FIG. 2 from the starting via the accelerating
ascent, the constant full speed ascent and the decelerat-
ing ascent to the stop.

(D) Stage of Slow Descent (Accelerating Descent) of
Elevator

The electronically-controlled variable flow solenoid
valve for descent 7 is operated by a program section D
corresponding to the slow speed descent stage in the
program for electronic control illustrated in FIG. 2.
The variable flow solenoid valve 7 is constructed so as
to gradually open as the control voltage V increases in
the negative direction.

Simultaneously with the operation of the variable
flow solenoid valve 7, an electromagnetic non-return
valve 13 which 1s installed in a pilot circuit 12 for the
electronically-controlled variable flow solenoid valve
for ascent 6 is actuated to open and to apply an oil
pressure to the pilot circuit 12 so as to close the elec-
tronically-controlled vanable flow solenoid valve for
ascent 6. Therefore, in case where the variable flow
solenoid valve 7 is operated in accordance with the
program section D in FIG. 2 and is gradually opened
with the increase of the voltage V in the negative direc-
tion, the working oil is transferred by a gravity on the
elevator from the jack 4 through the variable flow sole-
noid valve 7 to the tank 3 while rotating and driving the
constant capacity type hydraulic pump 2 and the elec-
tric motor 1 in the directions reverse to those during the
ascent of the elevator.

The elevator carries out the accelerating slow speed
descent with the increase of the voltage V in the nega-
tive direction, and the constant capacity type hydraulic
pump 2 is driven by the falling energy at this time.

When the elevator has descended from the stop posi-
tion x2 down to any desired position x3 (corresponding
to a point of time when the flow rate of the working oil
which is returned from the jack 4 to the tank 3 by the
rotation of the electric motor 1 is the maximum, in other
words, a point of time when the descending speed is the
maximum), the cage type induction motor 1 is operated.
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-' .ThIS cage type mductton motor 1 IS forcrbly drwen by
the hydraulic pump 2 and functions as an induction

- generator, so that the fallmg energy of the elevator can

be converted tnto generatwe power in the lnductlon

(BE) Stage of Full Speed Descent of Elevator ._ '.
~ In case where the vanable ﬂow solenoid valve 7 is

~ operated by a program section E corresponding to the

~ full speed descent stage in FIG. 2, the voltage V is held

10

. constant at its maximum voltage --Ve, and the variable
flow solenoid valve 7 is held in the fully open stateora
| sllghtly closed state. The elevator having been acceler-

- ated in the slow speed descent stage descends at the full
~ speed of a constant speed, and the cage type induction

- motor 1 to operate as the induction generator is driven
~ through the constant capacity type hydraulic pump 2by

~ the falling energy, to generate the electric power.

15 -

The speed of the elevator dunng the full speed de- |

' | scent can be set at an ‘appropriate value by properly

~ to pass through the variable flow solenoid valve 7 be-

~ comes greater than the flow rate of the workrng ail to
o be returned to the tank 3 by the hydraultc pump 2.

(D') Stage of Slow Speed Descent (Deceleratmg
Descent) of Elevator

. 20
o setting the maximum voltage — V3. Needless to say, itis
- set in a range in which. the flow rate of the ‘working oil

5

»

 the feedback srgnal in order to regulate the flow rate of .
the working oil to the set value. Therefore, the opera- 'r23
tion of the elevator becomes still smoother, and avery - -
excellent safety device is comprised. - -

Since the safety device employs the electronlcally-"
controlled variable flow solenoid valves, it is remark-

ably quick in response and high in rellablhty as com- R o
pared with mechanical safety devices which have been
often employed in conventional hydraulic elevators,. ',

"The safety device used in the hydraulic elevator of -

this invention functions very effectwely at the. follow-_ .

lng faults:

(a) Power has gone off in the course of the travelmg R

of the elevator.

though power is kept conducted.

" (c) The coupling between the electnc motor and the . o |

hydraultc pump has ruined.
(d) The piping has severed. | - - o
~(e) The control voltage Is normal, but the drwmg sxde L
power supply is defective.

_ The hydraulic elevator of this invention can prevent R
noise, and can conspicuously reduce the pressure losses R

of the variable flow solenoid valves 6 and 7.

The hydraulic elevator of this invention can sharply' S
“save electric power in such a way that, during the de-

~ scent of the elevator, the falling energy of the elevator - |

When the elevator has descended at the full speed |

down to a position x4, the variable flow solenoid valve
| 7 receives a deceleration s1gnal and it is operated in
L _accordance with a program section D’ in FIG. 2.
~ As the absolute value of the voltage V decreases from R

the maximum voltage V,, the variable flow solenoid

- valve 7 is closed, and the flow. rate of the working oil to

be transferred from the jack 4 to the tank 3 decreases.

~ The elevator has its descendmg speed lowered ‘and -
-~ stops at astop position x5. . S
At this time, the electric motor 1 is deenerglzed at a
o j_posmon between x4 and xs (a- point of time when the
- elevator becomes slower than at x4), and the vo]tage of

- the electromagnetic non-return valve 13 is cut off.

~ As described above, the elevator of this mventlon !S e
‘operated very smoothly in accordance with the pro-
45

gram for electromc control in FIG. 2 from the deceler-

30

is recovered as the generative power of the cage type .
induction motor 1 operated as the induction generator -
.through the constant capacity type hydraulic pump 2

- .and is fed back to the power supply. In this regard, a

- more effective economy in power consumption is posst- . .
~ ble owing to the reduction of the pressure losses inthe -

35
tion of the falling energy of the elevator has turned imto

40

- ating descent via the constant full speed descent to the B

_ decelerating descent. -
~ Asset forth above, the elevator of thts mventton isso
- constructed that the flow rates of the working oil to
- flow through the electronically-controlled variable
 flow solenoid valve for ascent 6 or the electronically-

~ controlled variable flow solenoid- valve for descent 7

50

- are set in correspondence with the respective stages of

 the stop, the slow speed ascents B and B’, the full speed -

. -ascent C, the slow speed descents D and D' and the full
~ speed descent E of the elevator in the program for

-electronic control in FIG. 2. Moreover, in case where at -

~ the stop, ascent or descent of the elevator, the elevator
~ has rapidly risen or rapidly fallen and the flow rate of
- ‘the working oil has deviated from a set value on ac- 60
~ count of an unexpected trouble of any of the hydraulic
~_ pump, piping, the electric motor, the valve etc., the

55

variable flow solenoid valves 6 and 7. | .
‘In conventional hydraulic elevators, the greater por- o

heat and has raised the temperature of workmg oil. In

- -contrast, in the hydraulic elevator of this invention, the |
~ falling energy of the elevator can be converted intothe -~ -

electric poWer and then recovered, so that the genera-

tion of heat is remarkably less and that the temperature
- rise of the working oil can be diminished. S
Further, the hydrauhc elevator of this mventlon .
“adopts the constant capacity type hydraulic pump 2. - =
Since the capacity of the hydraulic pump 2canbemade .
large, a large-sized hydraulic elevator can be fabncated e
. Moreover, the fabrication is mexpenswe L
- The hydraulic elevator of this invention is eqmpped R
- with a manual operation valve for conﬁrmmg safety 14. . .
In a routine inspection, under the state under whichthe
_power supply of the electric motor 1 is turned “off”, a ‘

signal for descent is applied to the variable flow. sole- :

noid valve 7 and the manual operation valve for con- R |
firming safety 14 is opened so as to cause the elevator to ST
fall rapidly. Thus, whether or not the safety dev1ce LT

functions properly can be inspected.

deviation of the working oil flow rate from the set value -

- isdetected as the feedback signal by means of the flow- -
B 65

~meter 8, and the opening and closure of the electronical-

- ly-controlled variable flow solenoid valve for ascent 6
or the electronlcally-controlled variable flow solenoid

N valve for descent 7 can be automattcally adjusted wrth

~ The safety confirnnng manual operation valve 14
~ serves, not only in the routine inspection, but alsoinan -
~inspection and adjustment on the spot on which the
elevator has been installed. The spot ad_]ustment of the T
~ elevator can be simply carried out. S
~ In Embodiment 1 shown in FIG. 1, numeral 15 desrg-._; o
‘nates a relief valve which determines the maximum o
pressure of the working oil, numeral 16 a check valve =
for preventing a negative pressure, numeral 17 a ﬁlter, e
and numeral 18 a pressure gauge. = o
Thus far, Embodiment 1 according to the hydraultc- e
| elevator of this invention has been described. In this ..

(b) The electric motor has become dlsconnected'-“-’“.' o
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embodiment, the electric motor 1 is constructed so as to
forwardly rotate during the ascent of the elevator and
to reversely rotate during the descent.

EMBODIMENT 2

Now, Embodiment 2 according to the hydraulic ele-
vator of this invention as is so constructed that the
electric motor 1 is forwardly rotated during both the
ascent and the descent of the elevator is shown in FIG.
3.

Hereunder, the operating functions of the hydraulic
elevator of Embodiment 2 will be described.

As 1n the case of Embodiment 1, the hydraulic eleva-
tor 1s operated in accordance with the program for
-electronic control shown in FIG. 2.

The manner of the ascent of the elevator is the same
as in Embodiment 1, and is therefore omitted from the
description.

The manner of the descent of the elevator will be
explained. The electronically-controlled variable flow
solenoid valve for.descent 7 operates in accordance
with the program sections D, E and D’ in FIG. 2. With
the descent of the elevator, the working oil is trans-
ferred from the jack 4 to a hydraulic circuit 19 through
the aforecited valve 7 and has its movement to the tank
3 checked by a non-return valve 16’. Therefore, the
transferred working oil moves to the hydraulic circuit
11 while driving the constant capacity type hydraulic
pump 2.

- In this case, the electronically-controlled variable
flow solenoid valve for ascent 6 has the control voltage
of zero and i1s fully open. Accordingly, the working oil
having moved to the hydraulic circuit 11 is transferred
to the tank 3 through this variable flow solenoid valve
6.

- The direction 1in which the constant capacity type
hydraulic pump 2 is rotated and driven is forward as in
the ascending operation of the elevator. Accordingly,
also the cage type induction motor 1 which is operated

as the induction generator rotates forwards to generate
electric power.

In Embodiment 2 illustrated in FIG. 3, a hydraulic
circuit which consists of a pilot type safety valve 20 and
a spring offset type change-over valve 21 installed on
the pilot circuit is a hydraulic circuit for preventing a
negattve pressure. During the descent of the elevator,
the change-over valve 21 is actuated from its quiescent

position to its operative position, and the function is
effected. |

EMBODIMENT 3

FIG. 4 shows Embodiment 3 according to the hy-
draulic elevator of this invention, while FIG. 5 shows a
program for electronic control for the hydraulic eleva-
tor of this invention and the positions of limit switches
which operate in correspondence with the respective
operating stages of the elevator. This embodiment is a
ram type hydraulic elevator wherein working oil is
transferred from a tank 103 to a jack 104 or vice versa
by means of a constant capacity type hydraulic pump
102 driven by a cage type induction motor 101, to move
a ram 105 for the jack 104 up or down, thereby causing
the elevator to ascend or descend. Hereunder, the oper-
ating functions of this hydraulic elevator will be succes-
sively explained of the respective stages of the stop, the
slow speed ascent, the full speed ascent, the slow speed
descent and the full speed descent of the elevator.
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8

(A) Stage of Stop of Elevator

A power supply to the cage type induction motor 101
shown in FIG. 4 is open. An electronically-controlled
variable flow solenoid valve for ascent 106 and an elec-
tronically-controlled variable flow solenoid valve for
descent 107 have a control voltage V which is now
zero, and the former i1s fully open, while the latter is
fully closed.

Accordingly, the working oil is not transferred from
the tank 103 to the jack 104. In addition, that movement
of the working oil from the jacks 104 to the tank 103
which 1s attendant upon the natural fall of the elevator
1s checked by a non-return valve 109. Therefore, the
elevator is in the perfectly stopped state.

(B) Stage of Slow Speed Ascent (Accelerating Ascent)
- of Elevator

The cage type induction motor 101 shown in FIG. 4
is started. The constant capacity type hydraulic pump
102 1s driven by the forward rotation of the motor 101
SO as to transfer the working o1l from the tank 103 to the
hydraulic circuit 111 through a filter for suction 110.

At the starting of the electric motor 101, the elec-
tronically-controlled variable flow solenoid valve for
ascent 106 is fully open. Accordingly, the working oil is
returned to the tank 103 through the variable flow sole-
noid valve 1086, so that an oil pressure for raising the

. ram 108 is not generated in the jack 104.

The variable flow solenoid valve 106 is operated in
accordance with the program for electronic control
shown in FIG. §. The axis of ordinates represents the

control voltage V or current I for electronically con-
trolling the variable flow solenoid valve, while the axis
of abscissas represents the movement distance x or time
t of the elevator.

As illustrated in FIG. 5, at the starting of the electric
motor 101 (a position of x=0 or t=0), the voltage V is
zero, and the variable flow solenoid valve 106 is fully
open. As the voltage V increases in the positive direc-
tion, the variable flow solenoid valve 106 is gradually
closed.

Accordingly, when the variable flow solenoid valve
106 is operated by a program section B corresponding
to the slow speed ascent stage in FIG. 5, the oil pressure
for raising the ram 105 does not appear in the jack 104
at the starting of the electric motor 101 because the
variable flow solenoid valve 106 is fully open and all the
working oil transferred by the constant capacity type
hydraulic pump 102 is returned to the tank 103. With
the increase of the control voltage V of the variable
flow solenoid valve 106, however, this valve 106 is
gradually closed, and the flow rate of the working oil
which is transferred to the jack 104 through the non-
return valve 109 increases, to generate the oil pressure
for raising the ram 1085.

With the increase of the voltage V, the ram 105 has its
rising speed enhanced and brings the elevator into the
accelerating slow speed ascent.

(C) Stage of Full Speed Ascent of Elevator

In case where the variable flow solenoid valve 106 is
operated by a program section C corresponding to the
full speed ascent stage in FIG. 5, the voltage V is held
constant at its maximum voltage V. and hence, the
variable flow solenoid valve 106 is held in the fully
closed state or a slightly open state. In consequence, the
elevator having been accelerated in the slow speed
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a ascent stage comes to ascend at the full speed of a fixed.- .

speed

can be adjusted to an appropriate value by properly

~ setting the maximum voltage Vc correspcndmg to the

| speed

(Bf) Stage of Slow Speed Ascent (Deceleratmg Ascent) o

- of Elevator
When the elevator has performed the full Speed as-

The speed of the elevator dunng the full Speed ascent.

10

is the maximum), the cage type tnductlon motor 101 lsf
- _energtzed and operated. This cage type induction motor ~
- 101 1s forcibly driven by the hydraulic pump 102 and }

functions as an induction generator, so that the falling

energy of the elevator can be converted into generatwe e

- power in the induction generator.

10

~cent to a position x; immediately below a floor intended

~ to stop, a limit switch ULS-1 Operates, and the variable

flow solenoid valve 106 receives a deceleration signal.

‘That is, the valve 106 is operated i n accordance witha
| 15

~_program section B'in FIG. 5. R
- The voltage V decreases from the maximum voltage

V¢, and the variable flow solenoid valve 106 is conse-

- quently opened. Thus, the flow rate of the working oil
~ to be transferred to the jack 104 decreases, and the
~ ascending speed of the elevator lowers. A limit switch
~ ULS-2 operates somewhat this side of a stop position x2
- of the floor intended-to-stop, and the elevator ascends
at slow speed up to the stop position x2.and then stops -
o thereat At this time, the electric motor 101 rotates for
- several seconds even after the elevator has reached the-
- 'St0p position x3, whereupon it stops.- :
~ As described above, the elevator of this 1nventton is
~ operated very' ‘smoothly in accordance with the pro-.
- gram of FIG. 5 and the limit switches ULS-1 and
- ULS-2 from the starting via the accelerating ascent, the
. constant full speed ascent and the deceleratmg ascent to
o 'the stop. | -

(D) Stage of Slow Speed Descent (Acceleratmg
Descent) of Elevator R

D corresponding to the slow speed descent stage in the

30

L The electromcally-ecntrolled vanable ﬂow soleno:d :
. valve for descent 107 is operated by a program section

N program for electronic control illustrated in FIG. §.

_ The variable flow solenoid vaive 107 is constructed so
as to gradually open as the ccntro] voltage V mcreases __

in the negative direction.

~ _Upon the operatton of the vanable ﬂow solenmd. |
- valve 107, an oil pressure is also applted to the electroni- .
106 so as to close this valve 106 with a “close™ signal. In

~  case where the variable flow solenotd valve 107 is oper- -
o ated 1 in accordance with the program section Din FIG. .
"Sandis gradually cpened with the increase of the volt-

j" cally-controlled variable flow solenoid valve for ascent

age V in the negative direction, the working oil is trans-

 ferred by a gravity on the elevator from the jack 104
~~ through the variable flow solenoid valve 107 to the tank
- 103 while rotating and driving the constant capaclty-

- type hydraulic pump 102 and the electric motor 101 in

| - the direction reverse to those durmg the ascent of the

55

elevator. Numeral 117 designates a check valve which
allows the vartable ﬂow solenold valve 106 to secure a

| pllOt pressure.

. - The elevator carnes out the acceleratmg s]ow speecl”
- descent with the increase of the voltage V in ‘the nega-
- tive dtrectton, and the constant capacity. type hydraultc

pump 102 is driven by the falling energy at this time.

power

of the working oil to pass through the variable flow

solenoid valve 107 becomes greater than the flow rate R
~of the working oil Q; to be returned to the tank 103 -
through the hydraullc pump 102. To this end, a limit =~
switch DLS-1 is operated somewhat before the deceler- . -
ating descent stage D’ so as to shift the operationtoa . ' .
- stage in which the variable flow solenoid valve 107 can =
~ be controlled in accordance with the program for elec- =
~ tronic control (the descent speed can be controlled by FRRS
the valve 107). Thus, the elevator is smooth]y sub_]ected RIS
- to the decelerating control. S

(D') Stage of Slow Speed Descent (Deceleratmg
- . Descent) of Elevator

When the elevator has descended at the full speed R
‘down to a position x4, a limit switch DLS-2 Operates,- U

~and the variable flow solenoid valve 107 operates m.-' SR
- accordance with a program section D’ in FIG. 5. .
- As the absolute value of the voltage V decreases from o

the maximum voltage V,, the variable flow solenoid -

“valve 107 is closed, and the flow rate of the working oil -
to be transferred from the jack 104 to the tank 103 de-
 creases, and the descent speed of the elevator lowers. A =~ -
limit switch DLS-3 somewhat before a stop position xs*
50 to apply a stop signal to the valve 107, so that the valve. = =
107 is closed and that the elevator stops at the stop- - .
~ position xs. The motor power supply is turned “off*
“before the operation of the limit switch DLS-3 some- .
what later than the operation of the limit switch DLS-2.
As described above, the elevator of this inventionis -~ -
“operated very smoothly in accordance with the pro-' T
- gram for electronic control in FIG. 5 and the group of
_hmtt switches appmprtately disposed from the deceler-
-ating descent via the constant full speed descent to the

_.deceleratmg descent, whereby a hydrauhc elevator of |

E 'htgh efficiency can be provided.

When the elevator has descended from the stop p031- '
tion x2 down to any desired position x3 (corresponding

. . toa point of time when the flow rate of the working oil
. which is returned from the jack 104 to the tank 103 by_
- therotation of the electric motor 101 is the maximum, in
- other words, a pomt of time when the descendmg speed

65

In case where at the stop, ascent or descent of the
- elevator in the respective zonesof B, Cand B'and D,E =~

- and D', the elevator has rapidly risen or rapidly fallen =~

and the flow rate of the working oil has deviated from =~

a set value on account of an unexpected trouble of any -~ =

~ of the hydraulic pump, piping, the electric motor, the

- valve etc., an electronic flowmeter 108 detects the devi- .~ -

(E) Stage of Full Speed Descent of Elevator

In case where the variable flow solenoid valve 107 is
operated by a program section E corresponding to the =
full speed descent stage in FIG. 5, the voltage Visheld =
constant at its maximum voltage —V,, and the variable =~

- flow solenoid valve 107 is held in the fully open state or
-aslightly closed state. The elevator having been accel- -
erated in the slow speed descent stage descends at the.
full speed of a constant speed, and the cage type induc- -
tion motor 101 to operate as the induction generator is =
~driven through the constant capacity type hydraulic -~ -
~ pump 102 by the falling energy, to generate the electrtc'i; L
0 | o
~ The speed of the elevator durmg the full speed de-
- scent can be set at an appropriate value by properly
setting the maximum voltage —V.. In order to lower
~ the resistance of the variable flow solenoid valve 107to =~
the utmost, it is set in a range Qz in which the flow rate



4,548,296

11

ation of the working oil flow rate from the set value as
a feedback signal, and the opening and closure of the
electronically-controlled variable flow solenoid valve
for ascent 106 or the electronically-controlled variable
flow solenoid valve for descent 107 can be automati-
cally adjusted with the feedback signal in order to regu-
late the flow rate of the working oil to the set value.
Therefore, the operation of the elevator becomes still
smoother, and a very excellent safety device is com-
prised.

The hydraulic elevator of this invention is equipped
with a manual operation valve for confirming safety
112. In a routine inspection, under the state under which
the power supply of the electric motor 101 is turned
“off”, a signal for descent is applied to the variable flow
solenotid valve 107 and the manual operation valve for
confirming safety 112 is opened so as to cause the eleva-
tor to fall rapidly. Thus, whether or not the safety de-
vice functions properly can be inspected.

The working oil tank 103 is equipped with a float
switch 118 for detecting the liquid level thereof. This is
a safety measure for checking the quantity of the oil in
the tank.

In FIG. 4, numeral 113 designates a relief valve
which determines the maximum pressure of the work-
ing oil, numeral 114 a check valve for preventing a
negative pressure, numeral 115 a filter, and numeral 116
a pressure gauge.

Thus far, Embodiment 3 according to the hydraulic
elevator of this invention has been described. In this
embodiment, the variable flow solenoid valve for ascent

- 106 1s constructed so as to be closed during the ascent of
the elevator.

EMBODIMENT 4

Now, Embodiment 4 according to the hydraulic ele-
- vator of this invention as is equipped with a variable
flow solenoid valve adapted to open during the ascent is
lllustrated in FIG. 6. Likewise to Embodiment 3, the
hydraulic elevator of Embodiment 4 is operated in ac-
cordance with the program for electronic control
shown in FIG. §. When the electric motor 101 is started
and the constant capacity type hydraulic pump 102 is
driven, a variable flow solenoid valve 106’ opens by
sensing the pilot pressure and brings the elevator into
the slow spaced ascent (accelerating ascent) in accor-
dance with the section B of the electronic control pro-
gram in FIG. 5. As in Embodiment 3, the elevator per-
forms the full speed ascent and the slow speed ascent
(decelerating ascent) and leads to the stop in succession.
The manner of the descent of the elevator is the same as
in Embodiment 3, and is omitted from the description.

I claim:

1. A hydraulic elevator of the type in which a work-
ing oil is transferred from a tank to a jack having a ram,
or vice versa, by means of a constant capacity type
hydraulic pump so as to move said ram up and down to
cause said elevator to ascend or descend, respectively,
comprising:

a cage type induction electric motor in operable con-
nection with a source of electric power and said
pump, for driving said pump during ascent of said
elevator, and for driving by said pump during de-
scent of said elevator so as to feed generative elec-
tric power developed in said motor to said source
of electric power;

hydraulic circuit means for conducting said working
oil between said tank, said pump and said jack;
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non-return valve means in said hydraulic circuit
means between said pump and said jack for pre-
venting the transfer of said working oil from said
jack to said pump;

normally open electronically-controlled variable
flow solenoid valve means in said hydraulic circuit
for preventing the transfer of said working oil from
said pump to said jack during starting of said motor
means and also upon said ascending elevator’s
reaching a desired floor stop;

pilot control means in said hydraulic circuit means for
applying a hydraulic pressure signal from said hy-
draulic circuit means to said normally open elec-
tronically-controlled variable flow solenoid valve
to cause said valve to close;

normally closed electronically-controlled solenoid
valve means in said hydraulic circuit means in par-
allel between said non-return valve means and said
pump at one end and said tank at another end, for
preventing the transfer of said working oil from
said jack to said tank during ascending of said ele-
vator and from said jack to said pump when said
elevator is stopped at a desired floor stop;

electronic control means for ascent for starting said
motor and for gradually closing said normally open
electronically-controlled variable flow solenoid
valve means once said motor is started, to cause
said working oil to be transferred at a gradual rate
of flow by said pump from said tank to said jack to
cause said elevator to begin to ascend at a slow
speed; for closing said normally open electronical-
ly-controlled variable flow solenoid valve means
completely when said elevator has begun to ascend
at said slow speed, to cause said working oil to be
transferred by said pump at a maximum output rate
of flow to said jack to cause said elevator to further
ascend at an accelerating speed; for maintaining
said normally open electronically-controlled vari-
able flow solenoid valve closed completely upon
said furthér ascending of said elevator, to cause
sald working oil to continue to be transferred by
said pump to said jack at said maximum output rate
of flow to cause said elevator to ascend at a maxi-
mum speed; for gradually opening said normally
open electronically-controlled variable flow sole-
noid valve means as said elevator approaches a
desired floor stop, to cause said working fluid to be
transferred by said pump to said jack at a decreas-
ing output rate of flow to cause said elevator to
further ascend to said desired floor stop at a decel-
erating speed; and for causing said normally open
electronically-controlled variable flow solenoid
valve means to assume its normally open state, to
cease the transfer of said working oil from said
pump to said jack, and to stop said motor when said
elevator has ascended to said desired floor stop;

electronic control means for descent for gradually
opening said normally closed electronically-con-
trolled variable flow solenoid valve, to cause said
working oil to be transferred, under the influence
of gravity acting upon said elevator, from said jack
through said pump to said tank, and to apply a
hydraulic pressure signal to said pilot control
means to close said normally open electronically-
controlled variable flow solenoid valve, to cause
said pump to rotate and drive said motor and to
cause said elevator to descend at a slow speed; for
opening said normally closed electronically-con-
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~trclled vanable ﬂcw sclenctd valve ccmpletely to
‘transfer said wcrklng oil at an increasing rate of

. flow from said jack through said pump to said tank
~to cause said. motor to be driven at an mcreasmg -
- speed and to cause said elevator to descend at an

d

. acceleratmg speed; fcr maintaining said normal]y
closed electrcmcally-contrclled variable flow sole-

noid valve completely open to cause said wcrkmg

oil to be transferred from said jack through said =
pump to said tank at a maximum output rate of flow 10
to drive said pump and said motor at a maximum
speed, and while maintaining said ncrmally closed
B -electrcmcally-ccntrclled variable flow solenoid
‘valve completely open, energizing said motor so as

to cause said motor to be driven as a generator by *

said pump to supply electrical power to said source

15

of electrical power, and to cause said elevator to

descend at a maximum speed; for controlling said
normally closed electrcmcally-ccntrclled variable
flow solenoid valve such that the rate of flow of °

' said working oil transferred therethreugh is greater

than the rate of flow of said working oil through

said pump to said tank; for gradually clcsmg said

- normally closed electrcmcally-ccntrclled variable .
flow control valve to cause said working oil to be =~

transferred from said jack through said pump to
said tank at a decreasmg rate of flow as said eleva-

- tor approaches a desired stop floor to cause said
elevator to descend at a decelerating speed; and for
~ causing said normally closed electronically-con-

trolled variable flow solenoid valve to assume its

normally closed state to cease the transfer of said .'

working oil from said jack when said elevator has

descended to said desu'ed ﬂocr stcp and tc de-ener- |
~ gize said motor; and -

0

"3

an electronic flow meter in sald hydraullc CII'CUII'_ |
means between said non-return valve means and

said jack and in cperab]e connection with both said

electronic control ‘means for ascent and descent,

for detecting deviation of the rate of flow of said

workmg oil from a set value and for applying a

- feedback signal corresponding to said deviation to -

said electronic control means fcr ascent and de-

scent to cause said normally open and normally

'clcsed electrcmca]ly-ccntrclled vanable flcw sole-

50
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no:d va]ves to be adjusted to cause sald rate of flow -

- of said working oil to be regulated to said set value.’

2. A hydraulic elevator as defined in claim 1 wherein |
sald electric motor rotates in a forward direction during =
_the ascent of said elevator and rotates in a reverse dlrec-._'- PR

tion during the descent of said elevator. S
3. A hydraullc elevator as defined in clalm 1, further o
comprising: -

ascends to a position immediately below a desired

 floor stop to cause said normally open electronical- _
ly-controlled variable flow solenoid valve meansto =
open gradually to cause deceleratlcn cf the ascent_ e

of said elevator:

| _seccnd limit switch means in cperable connection =
~ with said electronic control means for ascent, said”
second limit switch means operating immediately

- before said elevator has ascended to said desired
- floor stop to cause said normally open electronical-
ly-controlled variable flow solenoid valve meansto

- open when said elevatcr has ascended tc sald de- o - |

- sired floor stop; | |
third limit switch means in cperable ccnnectlcn with
said electronic control means for descent, said third

limit switch means operating during full speed

~ descent of said elevator to permit the descent speed -

- noid valve;

fourth limit switch means in cperable ccnnectlcn N
with said electronic control means for descent, said e

~ fourth limit switch means operating to cause said =
normally closed electronically-controlled variable

flow solenoid valve to begin closing gradually to

- cause deceleration of the speed of descent of said o

elevator; and

normally closed state. |
® % % % x

first limit switch means in cperable connection w1th-.-._ S
‘said electronic control means for ascent, said first
‘limit switch means operating when said elevator =

- of said elevator to be controlled by said normally
closed electrcmcally-ccntrclled vanable ﬂcw scle-__ o

| ﬁfth limit switch means in Operable ccnnectlcn w:th_ R

- . said electronic control means for descent, said fifth =

~ limit switch means operating immediately before =~
said elevator has descended to a desired floor stop
to cause said normally closed electronically-con- [
trolled variable flow solenoid valve to assume its
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